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DYNAMIC BEHAVIOR OF SLIDING VANE
IN SMALL ROTARY COMPRESSORS

Kenji Tojo
Tsuneo Kan
Akira Arai
Mechanical Engineering Research Laboratory,
Hitachi , Ltd. ,
Tsuchiura, !baraki, Japan

INTRODUCTION

vane extension x is a function of the
angle 8 • We can obtain the following
equation from Simple geometrical consideration.

We have often experienced pulse like noise
caused by the chattering phenomena of the
vane in the sliding vane type rotary compressors, under certain operating conditions such as in starting-up and low rotational sp~ed operation. The chattering is
the phenomenon that the tips of the vanes
get detached from and spring back into
contact with cylinder wall, while they
should be kept in contact with and sliding
on the cylinder wall in ideal operation.
This chattering phenomena brings out not
only the noise problems, but also the
deterioration of durability and efficiency
of the compressors.
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The area swept by the vane extension during the revolution of the rotor is given
as
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This pap~r reveals the chattering phenomena both theoretical analysis of the vane
motion based on the simple dynamical model
of the compressor and vane motion observation exp~riments.

where

TH":OR:<.:TICAL ANALYSIS
We have simulated the gas-compression
mechanism to analyze the vane motion
with the simplified model. Figure 1
shows the schematic view of the rotary vane
compressor having a circular rotor and
cylinder. With the revolution of the rotor
which is eccentric with the cylinder wall,
the vanes rotate with their tips sliding
on the cylinder wall, and move in and out
along the guide slots machined in the
rotor. The space surrounded by the cylinder wall, the rotor and any two adjacent
vanes forms the compression chamber.

GEOMETRICAL RELATIONS

1

cos~"' ~ ( R

,_ ce

2
2
2
c + e - 1 )

By taking into account the vane thickness,
from following equation we can get the
volume of the compression chamber, whose
cylinder length is h,
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where

Nv: number of vanes
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The basic quantity required for the derivation of the gas compression process is
the vane extension, that is the distance
between the rotor circle and the cylinder
wall measured along the center line of the
vane. As can be seen from Figure 1, this

The contact point of the vane with the
cylinder wall shifts continuously with the
revolution of the rotor as shown in Figure
2. If the vane tip configuration is assumed to be circular, we can calculate the
contact angle r of the vane tip with the
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cylinde r wall, the angle between the
centerl ine of the vane and the normal to
the cylinde r wall at the contact point as
follows :

if= tan-1[
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where

PRT~SSURE
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We can derive the change of the state of
the gas during the compre ssion process as
follows . To simplif y the problem , we assume that the working fluid is ideal gas
and that the leakage of pressur ized gas
from the compre ssion chamber is negligi ble
when the tip of the vane is kept in
contact with cylinde r.
Wh•m the vane happens to be detache d from
the cylinde r wall, gas leaks from the
high pressur e side to the low pressur e
side through the clearan ce between the
vane tip and the cylinde r wall. The leakage flow rate can be approxi mated with the
followi ng equatio n.
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To establi sh the mathem atical model to estimate the behavio r of the sliding vane,
we have conside red the forces acting on
the vane as shown in figure 3. These
forces are summar ized in Table 1. "'fe have
evaluat ed these forces based on the follo~ing assump tions:
1) The frictio n forces acting on both
side-en ds of the vane are caused by
the oil film between the vane and the
side wall. They are obedien t to the
hydrody namical lubrica tion theory.
2) Other frictio nal forces are obedien t
to Coulom b's law.
3) Pressur e forces are acting on leading
and trailin g surface s of the vane at
the middle point of the distanc e between the rotor and the cylinde r, that
is, the leakage of the pressur
fluid into the rotor-va ne- slots is
ignored .
The directi ons of the frictio nal for-ces
depend on the motion of the vane. we obtain three basic equatio ns to describ e the
vane motion from above conside rations .
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EQUATION OF MOTION FOR SLIDING VANE

The cordina tes of the contact point (xt'
Yt) is given by followi ng equatio np
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Concern ing the reactio n force on the vane
tip from the cylinde r wall, followi ng relations must be satisfi ed.

A : leakage area between vane tip
P and cylinde r
em: coeffic ient of the leakage flow
rate
Subscr ipt 1 and 2 refer to the upstrea m
and the downstr eam conditi on of the leakage flow respec tively.
The pressur e change in the compre ssion
ch~mber is obtaine d by applyin g the first
low of thermod ynamics

Cn)
( 14)
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Where ~v is the coefficient of elidinb
friction between the vane and the cylinder
wall.
BOUNDARY CONDITION
The vanes rotate with the rotor and slide
in and out along the guide slots in the
rotor. When the vane is kept in contact
with and sliding on the cylinder wall
vane extension xv is obtained from equation (1).
( 15)
v = X
Velocity and acceleration relative to the
rotor are
X

(16)

In order to obtain the reaction forces
acting on the vane at a given vane position, the pressures P1 and P2 in the
neighboring compression chambers and the
inertia forces must be computed in advance.
Then we can calculate various forces actig
on the vane from three dynamic equilibrium
equations (10),(11), and (12) with given
frictional coefficients .
Figure 6 shows an example of the computation result of the reaction forces on a
vane.

When the reaction force Fvt on the vane
tip becomes zero, vane tip takes off from
the cylinder surface and the vane slide
into the s1ot. The vane may slide into
the slot so deep that it runs against the
bottom end of the slot. The vane slides
out later to get again in contact with
the cylinder surface. In the cource of
this vane motion there occur vane collisions with the vane-slot bottom end
and/or cylinder surface, but the duration of impact of these collisions is so
extremely short compared with the total
time of the vane motion as to be negligible. The deformations of the impact
surfaces caused by the collisions are
also extremely small compared with the
total distance of the vane motion and are
ignored. Hence we have estimated the
vane velocity relative to the rotor after
the collision from the one before the collision by means of the coefficient of restitution. We can thus determine the vane
velocity relative to the rotor after the
collision using following relations.
At the bottom end of the vane slot:
xv(Ii)

= 1 v-

*v<zi+O)

=

1 vo

-eb*v< 7i-o)

Force

xv(7j+O)

Description

.

pressure force on leading surface and trailing surface

where

reaction force on vane tip

Fe

body force due to Coriolis acceleration arising from combined
sliding and rotating motion of
vane

+x(Zj+O)

xv(7 _0 ): vane velocity before impact

RESULT AND DISCUSSION

body force due to centrifugal
acceleration of vane

Fvt'Fvn

(20)

coefficient of restitution

pressure force on bottom end of
vane

friction force on both side-end
of vane

= -ef{xv(Zj-O )-x(lj-c)}

(19)

xv(7+ 0 ): vane veracity after impact

pressure force on vane tip

Fex'Fey

( 1 8)

At the surface of the cylinder wall:

xv(7j) = x(rj)
Table 1. Forces Acting on Vane

( 17)

We have performed experiments to observe
the behavior of sliding vanes in an actual
compressor. Tests were conducted using a
three-vane type compressor with transparent housing made of acrylic resion.
Figure 4 shows an example of the vane behavior in chattering phenomena. The vane
gets detached from cylinder surface before
it passes across the minimum extension
point, which may be named "axial seal
part", and is sucked down into the slot in
the rotor, At the bottom of the slot the
vane hits the rotor. After passing across
the axial seal part, the vane slides bac1{
out again and runs against the cylinder
surface abruptly.
Figure 5 shows the motion of the vane tip
measured from the photograph recorded by
the high-speed camera. In this case, we
could recognize the pulse like noise

force of rotor slot on leading
surface and trailing surface
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caused by the vane chatte ring.
Figur e 6, 7, and 8 show the resul ts com
puted with this model . Figur e 6 shows
compu ted reacti on forces on the vane under
chatte ring condi tion. Figur e 7 and 8 show
the vane exten sion and the vane veloc ity.

M

mass of vane

Nv

numbe r of vane

1

P

,~

The reacti on force Fyt disap pears a little
befor e the vane passln g the axial seal
part. At this moment the vane starts
taking off from the cylind er surfac e and
accel erates gradu ally there after to run
again st the bottom of the slot.
In this simul ation the pressu re in the
bottom chamb er of the vane- slot, which acts
on the bottom end of the vane and pushe s
it out, is assum ed to be const ant during
the compr ession proce ss.
As seen from Figur e 5 and 7, this simu- to
lation is able to give good expla nation
the chatte ring motio n of the vane.

ession chamb er
2 press ure in compr
pressu re in bottom chamb er of vaneslot
discha rge pressu re
suctio n pressu re
cylind er radiu s
rotor radiu s
radiu s of vane tip circle
tempe rature in compr ession chamb er
vane thickn ess
volum e of compr ession chamb er

CCNCLUSIONS
We studie d the dynam ic behav ior of slidin g
vane in small rotary compr essors theor etically and exper iment ally. In the theoretic al analy sis we have appro ximat ed the
compr essor with a simpl ified dynam ic model .
By the experi ments we observ ed the vane
behav ior in a actua l compr essor throug h the
transp arent housin g wall.
We obtain ed good quali tative agreem ent between the resul ts of simul ation analy sis
and the exper iment al resul ts.
From this analy sis, we can estim ate the
effec ts of releva nt param eters on the generatio n of the chatte ring noise of the
slidin g vane type rotary compr essors .
NOW.:NCLATURE

v

speci fic volum e

x

exten sion of vane in ideal opera tion

xv

exten sion of vane

xt•Yt conta ct point of vane tip

e

angul ar vane positi on

~

angul ar vane tip positi on

(

conta ct angle of vane tip

Et·~

coeff icien t of restit ution

K

speci fi c heat ratio

~·~v

coeff icien t of slidin g fricti on
time

area swept by the vane exten sion
distan ce betwe en cente r of rotor and
cente r line of vane
leakag e area betwe en vane tip and
cylind er surfac e
coeff icient of leakag e flow rate

a

(::R c -Rr )

e

eccen tricit y

G

distan ce betwe en cente r of the vane
tip circle and cente rline of vane
weigh t of gas in compr ession chamb er

, G

m

weigh t of leakag e gas

g

accel eratio n of gravi ty

h

cylind er length

1

lv

distan ce betwe en cente r of rotor and
vane tip
vane length

lvo

vane- slot length

1

w

angul ar veloc ity of rotor
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CYLINDER

Figure 1. Geometry

Figure 2. Contact point of the vane tip
with the cylinder wall

Figur~

). Forces acting on the vane
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AXIAL SEAL

Figure 4. Chatteri ng of the sliding vane
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